Executive function refers to a variety of behaviors and abilities related to planning and strategy use, as well as the maintenance of attention and behavior in the pursuit of some goal; these behaviors are generally deficient in individuals with Attention Deficit Hyperactivity Disorder (ADHD). The Tower of London (TOL) is one task used in the assessment of executive function. For adults with ADHD, there is minimal research on the extent to which they demonstrate impaired performance on tower tasks. With a sample of 102 individuals between the ages of 16 and 33 years, the extent to which performance on the TOL-Drexel Edition (TOL DX ) was related to performance on other measures of executive function and diagnostic grouping was investigated. Results indicated that TOL DX variables are not correlated significantly with age or Global Assessment of Functioning (GAF). Of the TOL DX variables, only Rule Violations correlated with multiple other executive function variables. Rule Violations correlated minimally, but significantly, with cognitive ability, perceptual skills, Matrix Reasoning, Processing Speed, and immediate memory. As might be expected, Processing Speed also significantly correlated with Total Time and Time Violations. Notably, scores on the TOL DX did not correlate significantly with behavioral self-report; no between-group (ADHD, Clinical Control, No Diagnosis) differences emerged for any of the TOL DX variables. Further, with this sample, mean scores across the TOL DX variables were well within the average range. Taken together, these results suggest that while the TOL DX measures aspects of ability not tapped by other measures, and may therefore provide additional information on individual functioning, results should not be interpreted as indicative of the presence or absence of a disorder.
Executive function is an important area for research and clinical consideration as deficits in executive function have been implicated in a variety of disorders including Attention Deficit Hyperactivity Disorder (ADHD). Executive function, like all dynamic functional systems (Luria, 1966) , is best conceptualized as a system of interconnected behaviors or processes necessary to facilitate goal oriented behavior (Fuster, 1997; Stuss & Benson, 1984 , 1986 , as well as the ability to form a mental representation of a task (Luria, 1966) . One group of tasks used to assess executive function are the tower tasks. Based on the Tower of Hanoi (TOH; Simon, 1975) , multiple versions of the tower task now exist and are popular as neuropsychological measure. Tower tasks are presumed to tap executive function and problem-solving (Morris, Miotto, Feigenbaum, Bullock, & Polkey, 1997; Shallice, 1982; Simon, 1975; Welsh, Cicerello, Cuneo, & Brennan, 1995) . The tower tasks are viewed as planning tasks because of the presumption that the individual will engage in more efficient problem-solving if she/he plans the course of action before starting to move the beads. Described most simply, tower tasks involve a problem-solving and transfer task wherein examinees must rearrange beads or disks to match a model in a minimum number of "moves." Obtaining the correct solution is believed to require the individual to visualize the solution several moves in advance (Levin et al., 1994) . All tower tasks include specific rules that must be adhered to in the execution of the solution. However, the nature of the rules, the structure of the tasks, and the means of performance evaluation, differ across tower tasks (Riccio, Sullivan, & French, 2002) .
Generally, developmental studies using tower tasks have indicated improved performance through at least age 12 (Anderson, Anderson, & Lajoie, 1996; Lussier, Guerin, Dufresne, & Lassonde, 1998; Sari & Culbertson, 2001 ) and in some cases, through age 16 (Lussier et al., 1998) . Research on age effects through adulthood is equivocal. Some studies report no age effect in adults (e.g., Gilhooly, Phillips, Wynn, Logie, & Della Sala, 1999; Glosser & Goodglass, 1990; Schmidtke, Handschu, & Vollmer, 1996) . For example, Gilhooly et al. (1999) compared the planning processes involved in the TOL in younger (N = 20) and older (N = 20) adults. No age effect was found for the average number of moves; however, age differences emerged for the planning processes involved based on initiation and execution time.
Given the cognitive component of executive function, results of any measures of executive function may be confounded by the effects of intelligence (Chelune & Thompson, 1987; Riccio et al., 1994) . Kennedy, Zillmer, and Culbertson (2000) examined executive function in 64 adults with mental retardation. The obtained TOL DX scores were found to account for the additional variance that was already accounted for by cognition alone. Tower task performance is believed to be related to fluid intelligence (Duncan, Burgess, & Emslie, 1995) , working memory (Welsh, 1991; Welsh et al., 1995) , inhibition (Miyake, Friedman, Emerson, Witzki, & Howerter, 2000; Morris et al., 1997) , and attentional control (Shallice, 1982) . The extent of association of tower tasks with other measures of executive function, inhibition and working memory varies; however, across studies there is evidence to support the notion that tower tasks measure planning and strategy use (e.g., Gnys & Willis, 1991; Miyake et al., 2000; Welsh, Pennington, & Groisser, 1991; see Riccio et al., 2002 for review) .
Tower tasks often are used to measure executive function in adolescents and adults with major depression, children with ADHD, and various other populations (see Riccio et al., 2002 for review). Riccio and colleagues concluded that the majority of studies of tower performance focused on older adults with Parkinson's, Huntington's, or Alzheimer-type dementia; similar studies of performance of the tower tasks with adults with ADHD have not been done. Further, existing research is equivocal, regardless of the disorder of interest. The purpose of this study was to investigate the extent to which TOL performance was associated with performance on other measures of executive function in adults. In addition, the extent to which the results of the TOL could be used to differentiate younger adults with ADHD from younger adults with other clinical diagnosis and younger adults with no clinical diagnosis was explored.
Method

Participants
Participants were individuals, aged 16-33 years, who were consecutive referrals to the Memory, Attention, and Planning Study (MAPS). This is a university-based research study in the southwest. Participants were recruited through the use of announcements distributed in the local community to physicians, local support groups for individuals with Attention Deficit Hyperactivity Disorder, a community-based counseling center, on local bulletin boards, and in the local newspaper. The announcement indicated that the research study focused on memory, attention, and planning/problem-solving. Participation was voluntary with individual consent (parental consent and adolescent assent for those under age 18) obtained. Participants (and their parents for those under age 18) received a comprehensive report of the results, along with recommendations, if appropriate, following completion of the evaluation. For inclusion in this study, participants had to have obtained an IQ greater than or equal to 80 and had to speak and read English. Prior to the start of the project, prior diagnosis of schizophrenia or history of severe head injury were established as additional exclusionary criteria.
The participants in this study include 106 individuals ranging in age from 16.40 to 33.75 years (X = 21.77; S.D. = 3.53). Of these, 88 (83.19%) are white non-Hispanic, 1 (0.94%) is African American, 11 (10.38%) are Hispanic, 4 (3.77%) are Asian American, and 1 (0.94%) is other (e.g., bi-racial) based on self-identification. For the total sample, 57 (53.77%) are male and 49 (46.22%) are female. Based on diagnostic considerations, 34 (32.08%) met the criteria for ADHD, 39 (36.79%) met the criteria for some other clinical disorder, and 33 (31.13%) did not meet the criteria for any disorder. Of the participants in the Other Clinical group, the diagnoses included depressive disorders, post-traumatic stress disorder, substance use disorders, anxiety disorders, eating disorders, and schizoaffective disorder. Of the adults in the ADHD group, 19 had a comorbid diagnosis (e.g., depressive disorder, learning disability). Groups did not differ in age or Full Scale IQ; both the ADHD and Other Clinical groups differed significantly from the No Diagnosis group on the Global Assessment of Functioning (GAF) variable [F(2, 103) = 27.67; P < .001]. All but two of the participants were enrolled in some type of educational setting (e.g., high school, community college, college or university). Demographic information by group is provided in Table 1 .
Procedures
All individuals participated in a comprehensive assessment including assessment of cognition, achievement, language, memory, executive function, attention, and behavioral/emotional status in a clinic setting. A licensed psychologist, or advanced doctoral students supervised by a licensed psychologist, administered all measures consistent with standardization. The measures were administered in a random order; however, continuous performance tests were counterbalanced. The number and length of these test sessions varied based on the individual being assessed. Those participants with a previous diagnosis of ADHD who were currently taking stimulant medication (n = 10; e.g., Ritalin ® , Adderall ® , Concerta ® ), were asked to consult their physician regarding the possibility of omitting medication on these days they were being evaluated; so these individuals were not on medication when evaluated. Those individuals taking other types of medication (e.g., antidepressants, n = 10) continued with the medication as prescribed, without interruption.
Diagnostic decision-making
At least two individuals (advanced doctoral students and at least one licensed psychologist) independently reviewed the results of the cognitive, achievement, and behavioral/emotional measures including the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I; First, Spitzer, Gibbon, & Williams, 1997) and self-report scales, and provided diagnostic recommendations. Diagnosis was made with clinicians blind to the dependent variables related to executive function. Interdiagnostician agreement (Cohen's kappa) was calculated to be 0.97 for assignment to the three groups (No Diagnosis, ADHD, Other Clinical). Any disagreements were resolved through discussion and further review of pertinent information and diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; American Psychiatric Association, 1994).
Instruments
All participants were administered the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III; Wechsler, 1997a) as a measure of cognitive ability, the Woodcock Johnson Tests of Achievement-Third Edition (WJ-III; Woodcock, McGrew, & Mather, 2001 ) as a measure of achievement, and the Wechsler Memory Scales-Third Edition (WMS-III; Wechsler, 1997b) as a comprehensive measure of memory. Rating scales included the Conners' Adult ADHD Rating Scale (CAARS; Conners, 1997a) as well as the State-Trait Anxiety Scale and the Beck Depression Inventory. The SCID-I was used with an addendum to incorporate interview questions specific to ADHD to ensure coverage of all Axis I disorders. In addition, participants were administered an array of neuropsychological and experimental measures. Neuropsychological measures that are of interest here included the Stroop (Golden, 1978; Stroop, 1935) , the Wisconsin Card Sorting Test (WCST; Heaton, 1981; Heaton, Chelune, Talley, Kay, & Curtis, 1993) , the Gordon Diagnostic System (GDS; Gordon, 1983) , the Trail Making Test (Reitan & Wolfson, 1985) , and the Conners' Continuous Performance Test-II (CCPT-II; Conners, 1997b) . Additional measures included an experimental complex figure task, clock face drawing, and a verbal fluency (F-A-S) task. The measures of interest will be described in more detail.
Stroop variables included the time for Color, Word, Color-Word, and the derived Interference Score; norms used were those provided in the Stroop manual (Golden, 1978) . WCST variables included total errors, perseverative errors, non-perseverative errors, trials to first category, conceptual level responses, categories obtained, and failure to maintain the set. The WCST was manually administered to six categories or 128 cards, and scored using the computer scoring program. The 1-9 standardized version of the GDS was used; the standardized version of the CCPT-II was administered.
The tower task used for this study was the TOL-Drexel Version (TOL DX ; Culbertson & Zillmer, 1998a , 1998b . The TOL DX is the most recently developed and marketed version of the TOL (Shallice, 1982) . Shallice (1982) developed the TOL to identify impairments in the planning processes involved in generating a plan to accommodate novel demands. Shallice (1982) described his task as a measure of planning ability. The TOL DX was developed in an attempt to improve upon the limitations of the previous versions (e.g., ceiling effects, uncertain or inadequate psychometric properties, inconsistent administration and scoring procedures, and inadequate norms). Modifications to the original TOL included the addition of more difficult items, an interval scaled scoring system, the provision of multiple standard scores, and a detailed examiner's manual with instructions for administration, scoring, and interpretation (Culbertson & Zillmer, 1998a) . Notably, there are different items on child and adult forms; the adult form is of interest here.
Unlike the previous editions that presented the desired configuration on cards, with the TOL DX the examiner uses one tower and a set of beads to display the desired goal and the examinee rearranges a second set of beads on a second tower to match the examiner's configuration. Also, in contrast to other tower tasks, the TOL DX allows only one attempt per item to maintain novelty of item presentation, and decrease possible practice effects. Scoring yields standard scores for the total number of moves, total initiation time, total problem-solving time, total execution time, and the number of correct solutions (i.e., items solved in minimum num-ber of moves), total time violations, and total rule violations. With these changes, the planning ability component of executive problem-solving is thought to be the central construct assessed by the TOL DX , while other constructs (e.g., procedural memory) are believed to have a lesser effect on TOL DX performance (Culbertson & Zillmer, 1998b) . As part of the development process, the construct validity of the TOL DX was established with other neuropsychological measures (Culbertson & Zillmer, 1998a) . TOL DX scores were positively correlated with other measures purported to measure planning ability, and continuous performance test scores; TOL DX scores were positively correlated with Trail Making Test scores but to a lesser degree. TOL DX scores were inversely related with a number of subtest scores from the WISC-III. Factor analysis of various other measures with the TOL DX , further supported the construct validity of the TOL DX (Sari & Culbertson, 2001 ). Based on these results, Culbertson and Zillmer (1998b) concluded that the TOL DX assesses executive problem-solving, executive concept formation, and, to a lesser extent, memory. Sensitivity and specificity of the TOL DX were investigated for the children in the normative study; TOL DX performance correctly identified 60% of the children in the clinical group and 80% of the control group (Culbertson & Zillmer, 1998b 
Results
Correlational analyses
The correlational matrix is provided in Table 2 . Neither age nor GAF significantly correlated with any of the TOL DX variables. Generally, the TOL DX variables do not correlate significantly with many other variables considered in this study; even when statistically significant, correlations were low (r < .30), suggesting that the TOL DX measures abilities or processes that are not tapped by other measures.
Of the time variables, Total Time significantly correlated (P < .05) with the WAIS-III Processing Speed Index and TMT-B Time, as well as with the WMS-III Working Memory Scale. Time Violations only correlated significantly with the WAIS-III Processing Speed. Rule Violations of the TOL DX correlated significantly with the WAIS-III Full Scale IQ (P < .05), Perceptual Organization Index (P < .01), Processing Speed (P < .01), and Matrix Reasoning (P < .01). Rule Violations also correlated with the WMS-III Immediate Memory (P < .05), Stroop Word (P < .05), Stroop Color-Word (P < .05), CCPT-II Omission (P < .05) and Hit Reaction Time (P < .01), and GDS Vigilance Correct (P < .05) and Distractibility Commission (P < .01).
Of the remaining TOL DX variables, Total Moves correlates significantly (P < .05) only with WCST Failure to Maintain Set. Also considered as a measure of accuracy, Number Correct only correlates significantly (negatively) with the Hit Reaction Time Standard Error (HRTSE) variable of the CCPT-II. Finally, neither Initiation Time nor Execution Time correlated significantly (P > .05) with any other variables. Table 3 . There was, however, a significant interaction effect (Group × Gender: Wilk's Lamba F = 1.99; P = .02; η 2 = 0.13). Univariate results by gender are presented in Table 4 . Most notably, females with ADHD had more difficulty with Rule Violations than males with ADHD (X = 98.14 for females and 105.70 for males); in contrast, males in the Other Clinical group and the No Diagnosis group had more difficulty with Rule Violations (X = 101.45 and 98.66, respectively) relative to females in the same groups (X = 105.76 and 104.11, respectively).
Discussion
The TOL DX is the most recent revision of the traditional tower tasks that have been used in the assessment of executive function. Research on the usefulness of tower tasks for a variety of disorders, and specifically for adults with ADHD, is limited and the results are equivocal. 
